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Abstract
We classify all possible texture zeros in light neutrino mass matrix in diagonal charged lepton
basis by considering Dirac nature of light neutrinos. For Hermitian nature of neutrino mass matrix,
the number of possible texture zeros remain same as Majorana texture zeros, but with less free
parameters due to the absence of additional Majorana CP phases. Relaxing the Hermitian nature
of neutrino mass matrix lead to many more possibilities and freedom due to additional CP phases,
mixing angles not constrained by neutrino data. While we find that none of the texture zeros in
Hermitian case are allowed, in non-Hermitian case some textures even with four zeros are allowed.
While most of the one-zero, two-zero and three-zero textures in this case are allowed, four-zero
textures are tightly constrained with only 6 allowed out of 126 possibilities. The allowed textures
also give interesting correlations between light neutrino parameters with sharp distinctions between
normal and inverted mass ordering. Many of these allowed textures also saturate the Planck 2018
























In spite of significant advancement in understanding the physics of light neutrinos over
last several decades, there are still many unanswered questions related to them. While ex-
perimental evidences gathered over a long period of time have confirmed that light neutrinos
have non-zero but tiny masses and large mixing [1–4], yet we do not know their fundamental
origin. Due to the absence of right handed neutrinos in the standard model (SM) of particle
physics, light neutrinos remain massless due to absence of any renormalisable coupling with
the Higgs field thereby resulting in vanishing mixing as well. In addition to this, there are
still uncertainties in the octant of atmospheric mixing angle. Also, since only two mass
squared differences are experimentally measured, we do not have any idea about the lightest
neutrino mass leading to the possibility of both normal ordering (NO): m1 < m2 < m3 as
well as inverted ordering: m3 < m1 < m2 (see table I for latest global fit data). On the other
hand, tritium beta decay experiment KATRIN has recently measured an upper limit of 1.1
eV on absolute neutrino mass scale [5] which is however, weaker than the upper limits from
cosmology. Latest data from Planck collaboration constrains the sum of absolute neutrino
masses as
∑
i|mi| < 0.12 eV [6]. In spite of recent advances in determining the leptonic
Dirac CP phase [7] suggesting a maximal CP violation, it is not yet measured with sufficient
accuracy to be considered as a discovery.
In addition to these, the nature of light neutrinos: Majorana or Dirac also remain unde-
termined at neutrino oscillation experiments. While positive signal at neutrinoless double
beta decay (0νββ) experiments can confirm the Majorana nature of light neutrinos, we
do not yet have any positive signal with latest data from KamLAND-Zen experiment [8]
providing the most stringent lower bound on the half-life of 0νββ using 136Xe nucleus as
T0ν1/2 > 1.07×1026 year at 90% CL. While the absence of positive signal at 0νββ experiments
do not necessarily rule out the Majorana nature of light neutrinos, yet it is very motivat-
ing to consider the possibility of light Dirac neutrinos as well. While in SM, incorporating
right handed neutrinos do lead to a Dirac Yukawa coupling with Higgs, the gauge symmetry
of the model does not prevent a Majorana mass term for singlet right handed neutrinos
thereby leading to Majorana light neutrinos. Even if the Majorana mass term is assumed
to be absent, the Dirac Yukawa couplings are required to be tuned at the level of < 10−12
in order to generate sub-eV light neutrino masses. Several beyond standard model (BSM)
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have been proposed in order to explain light Dirac neutrino masses in the last several years
[9–54]. In most of these models, Majorana mass of right handed neutrinos are forbidden due
to additional symmetries and some of them also explains the natural origin of tiny Dirac
neutrino masses via some kind of seesaw mechanism.
Motivated by the growing interests in light Dirac neutrinos and associated phenomenol-
ogy, we intend to study the possible structures of light Dirac neutrino mass matrix in a
model independent manner. In particular, we focus on the possibility of texture zeros in
light Dirac neutrino mass matrix. While the light neutrino mass matrix can have many
more free parameters compared to the experimentally determined five neutrino parameters,
possibility of texture zeros, based on some underlying symmetries, can reduce the number
of such free parameters. In fact, if the texture zero conditions are predictive enough, it is
also possible to either rule them out based on latest neutrino data or obtain some testable
predictions for unknown neutrino parameters like CP phase, octant of atmospheric mixing
angle, mass ordering etc. While most of the analysis related to texture zeros1 have focused
on Majorana nature of light neutrinos [56–78], a relatively fewer number of attempts have
been made to discuss the possibilities for light Dirac neutrinos [79–88]. Here we obtain an
exhaustive list of allowed and disallowed texture zero classes for light Dirac neutrinos in the
light of latest neutrino data. To begin with, we assume the light neutrino mass matrix to
be Hermitian and find only a few one-zero textures to be allowed out of all possibilities. We
then relax this assumption and consider the most general Dirac neutrino mass matrix which
offers many more possibilities of texture zeros. We show that even a few three zero textures
are also allowed in such a scenario. Apart from preparing such an exhaustive list of allowed
textures, we also find interesting correlations and predictions for light neutrino parameters
for some of the allowed textures.
This paper is organized as follows. In next section II, we discuss different possible textures
for Hermitian case and then move onto the discussion of general structure of Dirac neutrino
mass matrix in section III. In section IV we discuss our results and conclusion.




10−5eV2 6.79− 8.01 6.79− 8.01
|∆m23l|
10−3eV2 2.427− 2.625 2.412− 2.611
sin2 θ12 0.275− 0.350 0.275− 0.350
sin2 θ23 0.418− 0.627 0.423− 0.629
sin2 θ13 0.02045− 0.02439 0.02068− 0.02463
δ 125◦ − 392◦ 196◦ − 360◦
TABLE I. Global fit 3σ values of neutrino oscillation parameters [4]. Here ∆m23l ≡ ∆m231 for NO
and ∆m23l ≡ ∆m232 for IO.
II. TEXTURE ZERO MASS MATRICES
A general 3×3 mass matrix can have nine complex or eighteen real independent parame-
ters. For Majorana neutrinos, due to complex symmetric nature of the mass matrix, we have
six independent complex parameters. For Dirac neutrinos, the mass matrix need not have
any such symmetric properties in general and hence can have nine independent complex
parameters. The previous works on Dirac neutrino textures [79–88] considered Hermitian
mass matrices along with non-diagonal charged lepton mass matrices. In our work, we stick
to the diagonal charged lepton basis for simplicity but consider both Hermitian as well as
general structure of neutrino mass matrix. We discuss the two cases separately below.
A. Case 1: Hermitian Mass Matrix
Texture zero classification in this case is similar to that in Majorana neutrino scenario.
Number of possibilities with n zeros is 6Cn. While in case of Majorana neutrinos, only one
possible two-zero texture and a few one-zero texture mass matrices are allowed from latest
neutrino data [71], we expect similar or even more constrained scenario for Dirac neutrinos as
well. Due to the absence of additional Majorana CP phases, the Dirac neutrino scenario for
Hermitian mass matrix can be more constrained than the Majorana scenario as we discuss
in details. Therefore, we show the classification only for one-zero and two-zero textures of
Dirac neutrinos in table II and III respectively. As expected, there are are 6C1 = 6 and
6C2 = 15 classes of possible one-zero and two-zero texture neutrino mass matrices. We
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do not show the classification of more than two-zero textures as they are expected to be
















































































































TABLE III. 2-0 texture neutrino mass matrices. The crosses ”×” denote non-zero arbitrary ele-
ments.




where UlL, UνL are diagonalising unitary matrices of charged lepton and light neutrino mass
matrices, assuming them to be Hermitian. In the diagonal charged lepton basis we have
UlL = 1 and hence UPMNS = UνL. The PMNS mixing matrix can be parametrised in terms
of the leptonic mixing angles and phases as




−c23s12 − s23s13c12eiδ c23c12 − s23s13s12eiδ s23c13
s23s12 − c23s13c12eiδ −s23c12 − c23s13s12eiδ c23c13
P (2)
where cij = cos θij, sij = sin θij and δ is the leptonic Dirac CP phase. The diagonal matrix P
contains the Majorana CP phases if neutrinos are of Majorana nature. For Dirac neutrinos,
these Majorana phases are vanishing and hence P = 1. Thus, the light neutrino mass matrix
can be constructed as
Mν = UνLMν
(diag)U †νL = UPMNSMν
(diag)U †PMNS (3)
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The diagonal light neutrino mass matrix is denoted by Mν
(diag) = diag(m1,m2,m3) where
the light neutrino masses can follow either normal ordering (NO) or inverted ordering (IO).




















The analytical expressions of the elements of this mass matrix are given in Appendix A.
It can be seen from the expressions for mass matrix elements given in Appendix A that the
diagonal entries are real whereas the off-diagonal elements are complex, as expected. While
we check the validity of texture zeros numerically, it is simple enough to make some estimates









13 = 0 will be disallowed as there is no way to make this element vanishing while being
in agreement with light neutrino data. Similarly, meµ = 0 will lead to














While the second condition implies δ = 0, pi, 2pi, the first condition can not satisfy light
neutrino data. For example, taking δ = 0, 2pi, it leads to






which can be true only for IO of light neutrino mass. Assuming m3  m1 < m2, we get, by
using best fit values of mixing angles, m2 ≈ 1.42m1 which does not satisfy the solar mass
splitting data for this hierarchical limit. Similarly, δ = pi which can be true for NO only, leads




21 ∈ 5.50 − 6.22
assuming a hierarchical limit m1  m2 < m3. Similarly, one can explain the validity of
other one-zero textures of Hermitian case. By performing a numerical calculation, varying
all known parameters in 3σ range, we show that both one-zero and two-zero textures are














































































































































































































































TABLE V. 2-0 texture neutrino mass matrices. The crosses ”×” denote non-zero arbitrary elements
III. CASE 2: GENERAL MASS MATRIX
For general Dirac neutrino mass matrices, the 3 × 3 matrix can have nine independent
complex elements. Therefore, the number of possible n-zero mass matrices will be 9Cn.
Clearly, such a general case not only introduces more free parameters but also allows many
more possible texture zeros in Dirac neutrino mass matrix. For example, there are nine
one-zero and thirty six two-zero textures compared to six one-zero and fifteen two-zero tex-
tures in Hermitian scenario. Similarly, ruling out three-zero textures in Hermitian scenario
(or in Majorana neutrino scenario) does not necessarily rule out such higher zero texture
possibilities for general mass matrix. We, therefore list all such possibilities up to four-zero
textures in table IV, V, VI, VII respectively. Since we found (as discussed below) all four-
zero textures to be disallowed this automatically rules out higher texture zeros and hence
we do not show the classification beyond four-zero textures.




















































































































































































































































































































































































































































TABLE VI. 3-0 texture neutrino mass matrices. The crosses ”×” denote non-zero arbitrary ele-
ments.
unitary transformation. For this, we need a bi-unitary transformation as follows
Mν = UνLMν
(diag)U †νR (4)
where UνL, UνR are two unitary matrices with UνL being the same unitary matrix that
appears in PMNS leptonic mixing matrix mentioned before. In the diagonal charged lepton
basis, one can again write UνL = UPMNS. The other unitary matrix U
†
νR is arbitrary and can






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE IX. Summary of allowed one-zero textures based on current experimental bounds.
matrix has three angles and six phases. From the leptonic mixing matrix, five phases can
be rotated away by using the freedom of redefining the fields. However, since such freedom
of rotating away phases have already been utilised, it is no longer possible, in general, to
rotate away any of the phases in UνR. This is particularly true in left-right symmetric models
(LRSM) with Dirac neutrinos [9, 25–27, 29, 30, 54, 89–96]. We can parametrise it as [97]
UνR = diag
(






eiω4 , eiω5 , 1
)
(5)







−cr23sr12 − sr23sr13cr12eiδR cr23cr12 − sr23sr13sr12eiδR sr23cr13
sr23sr12 − cr23sr13cr12eiδR −sr23cr12 − cr23sr13sr12eiδR cr23cr13
 (6)
where crij = cos θ
R
ij, srij = sin θ
R
ij and δR is a CP phase similar to ω1, ω2, ω3, ω4, ω5. Using
this parametrisation, one can derive the analytical form of Dirac neutrino mass matrix. The
analytical form of mass matrix elements are given in Appendix B.
As can be seen from the expressions of mass matrix elements Appendix B, there are many
more free parameters entering into them compared to Hermitian case discussed earlier. How-
ever, the newly introduced nine parameters (three new mixing angles and six new phases) do
not occur separately in the expressions, but appear in certain combinations. This restricts








































TABLE X. Summary of allowed and disallowed two-zero textures based on current experimental
bounds.
certain combinations only, we still do not have enough freedom to have more than four zeros
in light neutrino mass matrix while being consistent with light neutrino data. Apart from
such predictive nature in deciding whether a texture is allowed or not, we also get interesting
predictions for light neutrino parameters in allowed textures as we discuss below.

































































TABLE XI. Summary of allowed and disallowed three-zero textures based on current experimental
bounds.








13 − V ∗11V ∗23)
U12(V ∗12V
∗
23 − V ∗22V ∗13)
=⇒
∣∣∣∣m2m1








12 − V ∗11V ∗22)
U13(V ∗13V
∗
22 − V ∗23V ∗12)
=⇒
∣∣∣∣m3m1
∣∣∣∣ = |U11(V ∗21V ∗12 − V ∗11V ∗22)||U13(V ∗13V ∗22 − V ∗23V ∗12)| . (10)














































TABLE XII. Summary of allowed and disallowed three-zero textures based on current experimental
bounds.
Allowed Classes (NO) Allowed Classes (IO)
D16, D34, D76, D83 D16, D76
D96, D98
TABLE XIII. Summary of allowed four-zero textures based on current experimental bounds.
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These relations can lead to interesting correlations between different mixing angles and
lightest neutrino mass as we discuss in upcoming section. While these relations do not
involve the leptonic Dirac CP phase, it appears in other types of texture zero conditions.





∣∣∣∣ cot (θR12), m3m1 =
∣∣∣∣U21U23
∣∣∣∣ cot (θR23)cosec(θR12) (12)
where dependence on leptonic Dirac CP phase δ will be explicit via U21, U22.
Similarly, for more texture zeros, one can find relations between neutrino parameters.
Clearly, three of the additional CP phases namely, ω1, ω2, ω3 do not appear in the texture
zero conditions. Therefore, only three mixing angles in VR, three remaining CP phases
appear along with light neutrino parameters in the texture zero conditions. Since we have
two unknowns in light neutrino sector namely, Dirac CP phase and the lightest neutrino
mass, effectively we have a total of eight free parameters appearing in the texture zero
conditions. Thus, any texture more than four zeros lead to too much restrictions on known
parameters as well and as expected, we find all five-zero textures disallowed in our numerical
analysis discussed below.
FIG. 1. Correlations between parameters using analytical relations followed from mee = 0,meµ = 0.
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FIG. 2. Correlations between parameters using analytical relations followed from mµe = 0,mµµ =
0.
FIG. 3. Correlations between parameters for different allowed classes for one-zero texture.
IV. RESULTS AND CONCLUSION
We start our analysis with the Hermitian light neutrino mass matrix discussed earlier.
We first analytically consider a few cases and realise that they lead to unacceptable values
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FIG. 4. Correlations between parameters for different allowed classes for two-zero texture.
of light neutrino parameters. We then move onto numerical calculations for all possible
texture zeros in Hermitian case. In this case, the light neutrino mass matrix has only two
free parameters namely, the lightest neutrino mass and Dirac CP phase. While texture
zero conditions for diagonal entries can be solved for one parameter only, the off diagonal
texture zero conditions can be solved for two parameters. We consider both normal and
inverted ordering of light neutrino masses, use the 3σ values of three mixing angles, two
mass squared differences to solve the texture zero conditions. We find that all six possible
one-zero textures are ruled out by latest neutrino data. This automatically rules out higher
textures like two-zero textures. This is not surprising given the fact that almost all Majorana
two-zero textures are disallowed by present data [71] even though there exists two more CP
phases as free parameters in Majorana neutrino mass matrix compared to Dirac Hermitian
mass matrix we discuss here.
We now move onto the discussion of non-Hermitian or general structure of light Dirac
17
FIG. 5. Correlations between parameters for different allowed classes for three-zero texture.
neutrino mass matrix. Before performing a complete numerical scan over all possible texture
zeros in such a case, we first find simple analytical relations which follow from texture
zero conditions. The simple analytical relations that follow from texture zero conditions
mee = 0,meµ = 0 (11) lead to interesting correlations between the mixing angles in unitary
matrix VR and the lightest neutrino mass as seen in figure 1. Similarly, the analytical
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expressions which follow from texture zero conditions mµe = 0,mµµ = 0 (12) lead to even
more interesting correlations due to the presence of leptonic Dirac CP phase δ. They are
shown in figure 2. In our numerical analysis to be discussed below, we find that the results
match with our analytical results.
We then numerically check the validity of texture zeros in non-Hermitian or general
structure of Dirac neutrino mass matrix. As mentioned earlier, we have many more possible
texture zeros in such a scenario. There are 9C1 = 9 possible one-zero textures,
9C2 = 36
possible two-zero textures, 9C3 = 84 possible three-zero textures,
9C4 = 126 possible four-
zero textures and so on. Due to the introduction of another 3 × 3 unitary matrix, there
arises 9 additional free parameters namely, the newly introduced phases ωi, δR ∈ (−pi, pi),
and mixing angles θRij ∈ (0, pi/2). While solving the texture zero conditions we either vary
these new parameters randomly in the entire allowed range or solve for them while demanding
the solution to lie in this range, depending on the number of equations and variables. As
expected, all one-zero textures are now allowed, as summarised in table IX. Similar results for
two-zero textures are summarised in table X. Although we expected all of them to be allowed
due to the presence of many eleven free parameters and only two constraint equations, yet
it is interesting to find that the present data can still rule out texture B9 for inverted mass
ordering. Out of 84 three-zero texture possibilities we found only 52 are allowed for both
mass ordering while 10 are allowed with only NO, as summarised in table XI and table XII.
On the other hand out of 126 four-zero texture possibilities, only two textures are allowed
for both mass ordering while four more are allowed only for NO, as summarised in table
XIII.
Figure 3 shows some interesting predictions for leptonic Dirac CP phase and the lightest
neutrino mass in case of one-zero texture. While A1 does not discriminate between NO
and IO, the texture A2 seems to favour IO more compared to NO, as can be seen from
right panel of figure 3. In this figure, we also show the Planck 2018 cosmological bound
on
∑
i|mi| < 0.12 eV, by translating it into the corresponding bound on lightest neutrino
mass. As one can see, several points predicted by these two particular textures are already
disfavoured from cosmology bound. Similar predictions for neutrino parameters in case of
two-zero and three-zero textures are shown in figure 4 and 5 respectively. Sharp distinction
between NO and IO is clearly visible once again in two-zero textures as well, for example
in B1, B3 of figure 4. While B1 almost disfavours IO, B3 pushes some of the points for NO
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to saturate or exceed the upper limit on lightest neutrino mass from cosmology. Similar
distinctions are also noticed in three-zero textures shown in figure 5. Apart from predicting
the lightest neutrino mass, Dirac CP phase δ, the textures can also predict the values of of
some parameters in the mixing matrix UνR. As an example, we show the predictions for
CP phase δR for two-zero texture B33 and three-zero textures C44, C51, C79 in figure 4 and 5
respectively. It is to be noted that the correlation between Dirac CP phase and the lightest
neutrino mass from our numerical analysis matches with the ones obtained from analytical
relations shown in figure 2.
To conclude, we have made a survey of possible texture zeros in light neutrino mass
matrix by considering it to be of Dirac nature and assuming a diagonal charged lepton
basis. We first considered the mass matrix to be Hermitian so that it is diagonalisable by
a unitary matrix, which is same as the leptonic mixing matrix in diagonal charged lepton
basis. Using the latest neutrino global fit 3σ data we find that none of the one-zero and
two-zero textures are allowed which automatically rules out the higher texture zeros as
well. We then relax the assumption of Hermitian mass matrix and consider it to be a
general complex matrix which can be diagonalised by a bi-unitary transformation. Due to
the introduction of additional CP phases and mixing angles, which are not constrained by
neutrino data, we get many more possible texture zeros. Apart from classifying the allowed,
disallowed textures in this category, we find that neutrino mass matrix with more than four
zeros are disallowed by present neutrino data. The allowed textures belonging to one-zero,
two-zero, three-zero and four-zero classes also show interesting differences between normal
and inverted ordering of light neutrino masses. This result is in sharp contrast with texture
zero results of Majorana neutrino scenario where only one two-zero texture and no textures
with more than two zeros are allowed [71]. It will be interesting to study flavour models of
Dirac neutrinos which predict such texture zeros in neutrino mass matrix, while the flavour
symmetries predicting more than three texture zeros will be disfavoured by present data, as
we find here. Such flavour models often introduce new interactions of right handed neutrinos
which can lead to their thermalisation in the early universe leaving interesting signatures
at the cosmic microwave background radiation via their contribution to effective relativistic
degrees of freedom [50, 54]. We leave such detailed study of Dirac neutrino textures from
flavour symmetric point of view and relevant phenomenology to future works.
20
ACKNOWLEDGMENTS
The authors acknowledge the support from Early Career Research Award from the de-
partment of science and technology-science and engineering research board (DST-SERB),
Government of India (reference number: ECR/2017/001873)



















































































eτ ,mτµ = m
∗
µτ .
Appendix B: Elements of the light neutrino mass matrix for the non-Hermitian
case

















with UνL = UL and
UνR = diag
(






eiω4 , eiω5 , 1
)
. (B4)
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